The globular cluster M3 (NGC 5272) was observed twice with the ROSAT high resolution imager in order to study the low luminosity X-ray source 1E1339.8+2837. In 1992 January 1E1339.8+2837 had an X-ray luminosity of 2 10 35 ergs s ?1 (0.1{2.4 keV), over an order of magnitude brighter than it was when observed with the Einstein Observatory. The source was unresolved and very soft (kT ' 20 eV); such supersoft outbursts would be di cult to detect in the vast majority of globular clusters which are more heavily absorbed than M3. In 1992 June the source was too faint to be detected (< 2:8 10 33 ergs s ?1 ). The soft outburst luminosity (L bol ' 1:2 10 36 ergs s ?1 ) and the blackbody radius (R ' 7:7 10 8 cm) suggest that 1E1339.8+2837 is a cataclysmic variable in which much of the luminosity is generated by steady nuclear burning of accreted material on the surface of the white dwarf primary.
INTRODUCTION
One of the truly new and unexpected classes of X-ray sources discovered with the Einstein Observatory was the class of low luminosity globular cluster X-ray sources (LLGCXS). Seven high luminosity (L X > 10 36 ergs s ?1 ) globular cluster X-ray sources were known prior to the Einstein observations (Grindlay 1977) . A survey of more than 80 Galactic globular clusters with Einstein failed to detect any additional high luminosity sources; however, 14 unresolved LLGCXS were detected in 8 globular clusters with X-ray luminosities L X < 10 34:5 ergs s ?1 (Hertz & Grindlay 1983b) .
It is well established that the high luminosity globular cluster X-ray sources are neutron stars accreting material from a low mass binary companion, similar to low mass X-ray binaries (LMXBs) in the galactic plane and bulge (Lewin & Joss 1983; Bhattacharya & van den Heuvel 1991) but formed through tidal capture (Fabian, Pringle, & Rees 1975; Lightman & Grindlay 1982) or exchange collisions with primordial binaries (see Bhattacharya & van den Heuvel (1991) for references). Unfortunately each of the models for the physical nature of LLGCXS has problems. Hertz & Grindlay (1983a) proposed that LLGCXS are cataclysmic variables (CVs), powered by accretion from a low mass companion onto a white dwarf (see also Hertz & Wood 1985) . Searches for the optical counterparts of ! Cen X-ray sources have failed (Margon & Bolte 1987; Shara et al. 1988) , although these searches are necessarily incomplete. Verbunt, van Paradijs, & Elson (1984) have suggested that LLGCXS are low mass X-ray binaries in quiescence. However the tidal capture mechanism can not account for the large number of LLGCXS inferred to be present in globular clusters if they are all neutron star binaries. Recently Bailyn, Grindlay, & Garcia (1990) showed that the production of CVs formed by tidal capture is limited by the cluster IMF and suggested that RS CVn type binaries may account for the observed properties of some of the LLGCXS. Observed RS CVn binaries have X-ray uxes L X < 10 32 ergs s ?1 (Walter et al. 1980) , which is several orders-of-magnitude less than the brightest LLGCXS.
The identi cation of optical counterparts for LLGCXS can provide the information nec-essary to determine the nature of these sources. Unfortunately most of the known LLGCXS were detected only with the Einstein imaging proportional counter (IPC), which allows source positions to be determined no better than 40 00 {60 00 . Ground-based CCD studies of the thousands of stars within the very crowded error circles have revealed no variable or ultraviolet excess stars (Grindlay 1986; Margon & Bolte 1987; Shara et al. 1988 ) although H searches are promising (Grindlay, Cool, & Bailyn 1991) . Recent HST observations (Paresce, De Marchi, & Ferraro 1992) have yielded a likely CV candidate for the bright LLGCXS 1E0021.8-7221 in 47 Tuc, which had an Einstein HRI position. Accurate X-ray positions are required to facilitate the search for optical counterparts.
To this end we have undertaken a program of observations of LLGCXS with the ROSAT high resolution imager (HRI), which is capable of locating sources to within a few arcseconds. Early observations within our program have con rmed the existence of LLGCXS within a few core radii of the centers of NGC 6397 (Cool et al. 1993 ) and at least 5 additional globular clusters. The improved accuracy of the HRI positions locates the X-ray sources well within the central regions of globular clusters and makes it unlikely that these sources are foreground stars or background quasars At least one LLGCXS has been detected in every globular cluster which we have observed with su cient sensitivity, and the number of LLGCXS appears to increase with sensitivity, in qualitative agreement with the predicted luminosity function (Hertz & Wood 1985) . In this Letter we report our observations of the globular cluster M3 with the ROSAT HRI.
OBSERVATIONS
M3 was observed with the ROSAT HRI (Tr umper 1983; Pfe ermann et al. 1986 ) twice: for 1881 s on 1992 January 11 UTC 15:50:44{16:22:11, and for 1462 s on 1992 June 24 UTC 18:04:29{18:29:01. The bright central source in the January image is the LLGCXS 1E1339.8+2837; in the June image it is too faint to detect (Figure 1 ). X-ray variability this large (a factor of more than 35) has not been previously observed in LLGCXS. Five serendipitous X-ray sources (indicated in Figure 1a ) are detected near M3 within the HRI eld of view. All of these sources are present in both images con rming that the June image is correctly pointed and that the HRI is operating correctly. In Table 1 we list the 6 sources detected with ROSAT.
At this time, the HRI has not been completely boresighted. There remains a systematic uncertainty in the aspect solution, and hence in the derived positions of X-ray sources, of up to 10 00 . Two of the sources are identi ed with background quasars on the basis of positional coincidence. Both quasars were rst suggested by Carney (1976) as optical counterparts to background radio sources, and both were detected in the Einstein IPC observation of M3 (Hertz & Grindlay 1983b) . RX J134211+2828.7 (source B) is identi ed with QSO1339+2843 (Harris et al. 1992 ) and RX J134254+2828.0 (source C) is identi ed with QSO1340+287 (Wills & Wills 1979) . Using the GASP system at the Space Telescope Science Institute, we have accurately determined the positions of these quasars to be QSO1339+2843 (source B): (J2000) 13 h 42 m 11: s 07 +28 28 0 45.4 00 QSO1340+287 (source C): (J2000) 13 h 42 m 54: s 48 +28 28 0 3.7 00 with an uncertainty of 1 00 in the coordinate system de ned by the HST Guide Star Catalog (Russell et al. 1990 ). The measured X-ray coordinates for the two quasars di er from the GASP coordinates by an average of 3.5 00 , with a residual scatter of 2 00 . In Table 1 , the coordinates of the X-ray sources have been corrected by the same 3.5 00 as our best estimate of the aspect error. The positional uncertainties in Table 1 are the 90% con dence limit statistical error radii added to the estimated 2 00 residual systematic uncertainty.
In Table 1 we also show the background subtracted count rates for the six sources during each observation; the count rates have been corrected for detector quantum e ciency, mirror vignetting, and mirror scattering. 1E1339.8+2837 (source A) exhibits extreme variability | it decreases from a count rate of 0.144 counts s ?1 in 1992 January to <0:004 counts s ?1 (90% con dence limit) in 1992 June. No evidence was found for variability during the January observation on timescales between the 7.4 s pseudo-Nyquist period and the 1881 s observation length. One additional source shows evidence for variability | QSO1339+2843 (source B) becomes 3 times brighter between 1992 January and June.
We have compared the spectrum of 1E1339.8+2837 (source A) with the HRI background in the center of the image and with laboratory spectra of monochromatic spectral lines. The background spectrum is broader than the monochromatic spectra, and has a hardness ratio between those of the oxygen (0.53 keV) and iron (0.71 keV) lines, while 1E1339.8+2837 appears softer than the boron (0.18 keV) line, with no counts at all above channel 5. A preliminary spectral analysis of our HRI data suggests that 1E1339.8+2837 is well tted by a blackbody spectrum with kT < 0:025 keV and N H > 10 18 cm ?2 . The observed neutral hydrogen column density in the direction of M3 sets a lower limit of N H > 1:1 10 20 cm ?2 (Stark et al. 1992) , while the lack of observed reddening in M3 (E B?V < 0:01; Webbink 1985) sets an upper limit of N H < 10 20 cm ?2 . For kT = 0:020 keV and N H = 10 20 cm ?2 , the observed ux is 2:3 10 ?11 ergs s ?1 cm ?2 (0.1{2.4 keV).
The ROSAT HRI can be used to study the temporal, spectral, and spatial characteristics of X-ray sources. For completeness we examined the ROSAT image of 1E1339.8+2837 (source A) for evidence of spatial structure and found that the image is consistent with a point source, showing no evidence for resolved structure on scales exceeding 2 00 .
3. DISCUSSION Shawl & White (1986) have determined the optical center of M3 to be located at 13 h 42 m 11: s 18 +28 22 0 31: 00 5 (J2000) with a quoted uncertainty of <0:5 00 . The X-ray source is o set 25 00 4 00 from the cluster center, which places it at the edge of the cluster core (r c = 25 00 ; Kron, Hewitt, & Wasserman 1984) . The accurate location of 1E1339.8+2837 within the core of M3 leaves no doubt that the source is physically associated with the globular cluster.
Using the known distance to M3 (d ' 10:4 kpc; Webbink 1985) the X-ray luminosity of 1E1339.8+2837 during the 1992 January supersoft outburst was 3:0 10 35 ergs s ?1 (0.1{ 2.4 keV), and the bolometric blackbody luminosity is 1:2 10 36 ergs s ?1 (for kT = 20 eV). In 1992 June, the X-ray ux of 1E1339.8+2837 was <2:2 10 ?13 ergs s ?1 cm ?2 (90% con dence upper limit), and the X-ray luminosity was <2:8 10 33 ergs s ?1 (both 0.1{2.4 keV). We have assumed a slightly harder spectrum in quiescence (50 eV < kT < 5 keV) for the count rate to energy ux conversion, which gives an uncertainty in the HRI conversion factor of less than 20%. The Einstein IPC ux was 3:1 10 ?13 ergs s ?1 cm ?2 during 1981 January, which corresponds to an X-ray luminosity of 4:1 10 33 ergs s ?1 (both 0.5{4.5 keV).
The source was clearly > 35 times brighter in 1992 January than in 1992 June. It was also bright and soft (L bol ' 1:3 10 35 ergs s ?1 , kT ' 45 eV) in 1990 December when ROSAT observed M3 during the all-sky survey (Verbunt et al. 1993) . Even if the source is moderately hard when it is faint, which would imply a spectrum very di erent from the supersoft outburst spectrum, 1E1339.8+2837 was at least an order-of-magnitude brighter in 1992 January than in 1981 January. The HEAO A-1 limit (L X < 10 35:1 ergs s ?1 (0.5{20 keV) in 1977 September) weakly constrains the source to have been faint at that time (Hertz & Wood 1985) .
Examination of available data at several longer wavelengths has revealed no counterpart to 1E1339.8+2837. A far ultraviolet (1620 A) image of M3 was obtained with the Ultraviolet Imaging Telescope (UIT) during 1990 December (Landsman et al. 1992) , contemporaneous with the ROSAT survey and during the supersoft outburst. Examination of this image reveals no exceptional UV sources in the X-ray error circle. The brightest object in the box has a ux of 9:6 10 ?16 ergs s ?1 cm ?2 A ?1 in the UIT B5 lter, or a magnitude of m 162 = 16:4; this is consistent with a horizontal branch star at the distance of M3 (Hill et al. 1992 ). The brightest optical object within the X-ray error box is AC13 (Auri ere & Cordoni 1983), with V = 14:2. There are no stars brighter than V < 18:5 with unusual V ?R colors on two Canada-France-Hawaii Telescope (CFHT) CCD images obtained during 1992 May in 0.44 00 seeing conditions (Bolte, Hesser, & Stetson 1993) . No radio counterpart is detected brighter than 75 Jy (90% upper limit) at 1.4 GHz in a deep VLA image by Kulkarni et al. (1990) . The implied supersoft X-ray outburst bolometric luminosity might suggest a EUV blackbody source with apparent magnitudes m 162 = 17:4, U = 20:9, B = 22:2, and V = 22:6. M3 is among the least reddened globular clusters known (E B?V < 0:01; Webbink 1985), and it is the least reddened globular cluster known to contain a compact X-ray source, including both LMXBs and LLGCXS (Hertz and Grindlay 1983b) . The outburst of 1E1339.8+2837 is so soft that it would be di cult to detect in any globular cluster with E B?V > 0:03. It will be di cult to determine how common supersoft outbursts are from LLGCXS since they are undetectable from more than 90% of galactic globular clusters.
The most widely discussed models for LLGCXS are accreting white dwarfs (Hertz & Grindlay 1983a) which are observed in the eld as cataclysmic variables (CVs). The inferred blackbody radius during outburst (R ' 7700 km) con rms this model for 1E1339.8+2837, and implies a typical white dwarf mass (M ' 0:7 M ). If the outburst luminosity is powered by accretion then the accretion rate is 1:6 10 ?7 M yr ?1 . At accretion rates this high, nuclear burning of accreted material may also contribute to the soft X-ray ux, as has been suggested by van den Heuvel et al. (1992) for the supersoft X-ray sources in the LMC. Our preliminary spectral t is in good agreement with the models of van den Heuvel et al., and we regard an accreting white dwarf with some nuclear burning of accreted material to be the most likely interpretation of our data.
A lower limit to the accretion rate during outburst, _ M > 3 10 ?9 M yr ?1 , is set by assuming that 100% of the supersoft outburst luminosity comes from hydrogen burning. The actual accretion rate is probably closer to the lower value, since the soft thermal spectrum detected is indicative of nuclear burning. Ordinarily accretion rates this low might be expected to yield classical nova outbursts. Since CNO processes are crucial in nova outburst models (e.g. Gallagher & Starr eld 1978; MacDonald 1983) , we suggest that nova outbursts will either be weak or absent in this source because of the relatively low abundance of metals in M3 and in the accreted material.
Accretion rates exceeding > 2 10 ?7 M yr ?1 are required for steady hydrogen burning on the surface of a white dwarf (Livio, Prialnik, & Regev 1989; van den Heuvel et al. 1992) . At lower accretion rates, hydrogen burning occurs episodically with high luminosity outbursts powered by hydrogen burning followed by a lower luminosity quiescent interval powered by a combination of accretion and reduced hydrogen burning. Symbiotic novae show a range of outburst durations, luminosities, and recurrence times, and models predict accretion rates comparable to that inferred for 1E1339.8+2837 (Sion & Starr eld 1986; Livio et al. 1989) . et al. 1992) variability. These variability characteristics, and the shape and intensity of its broad band optical spectrum, suggest that 1E0021.8-7221 is a DQ Her type magnetic CV (Paresce et al. 1992) . The conditions for steady nuclear burning in 1E1339.8+2837 can be enhanced if its white dwarf primary is also magnetic, resulting in the funneling of material onto the magnetic poles and a higher e ective accretion rate.
The outburst appears to have lasted for at least a year (1990 December { 1992 January), but there is no evidence for supersoft emission in 1992 June. If the accretion rate decreases enough to inhibit nuclear burning, then an accretion rate of 5 10 ?10 M yr ?1 would provide the accretion luminosity observed in the low state with Einstein. The internal energy stored in the helium burning layer is 10 15 ergs g ?1 (Fontaine, Graboske, & Van Horn 1977) . Material accumulated over a year at 10 ?8 M yr ?1 would require 1 day to cool. It is reasonable that the source cools to undetectability between our ROSAT observations. We conclude that 1E1339.8+2837 is very likely the rst \supersoft" source found in a globular cluster (or in our Galaxy, generally), probably because of both the very low reddening and high binary formation probability (per unit mass) a orded by M3. Both the outburst and quiescent luminosities of 1E1339.8+2837, as well as the observed blackbody radius, imply a white dwarf primary for this system. It is not clear yet whether 1E1339.8+2837 resembles a symbiotic nova or a DQ Her class magnetic CV. However it seems clear that many, if not all, of the other LLGCXS are also accreting white dwarf systems. 
